diarrhea is caused by a variety of infectious microorganisms, some of which have been recognized only recently (2, 3).
The factors contributing to the high incidence of diarrhea among young children in developing countries certainly include overcrowded conditions, poor sanitation, contaminated water, and inadequate food hygiene (4). These conditions are accentuated in urban slums, where recent migrants may also make abrupt changes in traditional practices of child care, including feeding of infants (5) .
One frequently noted effect of urbanization is a decrease in the prevalence of breastfeeding and the early introduction of milk formula, too often inappropriately diluted and contaminated, to the diet of young infants (€). Several studies have demonstrated a lower incidence of diarrhea in breastfed infants than in artifically fed infants, especially with exclusive breastfeeding during the first few months of life (7). This may be because of protective factors in breast milk such as leukocytes, specific immunoglobulins, and nonspecific antiinfectious" factors (8); however, an equal, if not mure important, protective influence of breastfeeding is that breast milk is rarely contaminated with harmful enteric bacteria.
The hazard of contamination of milk or formula given to bottle-fed babies has received a great deal of attention and deserves emphasis particularly in urban and periurban areas of developing countries (9). However, many of the children suffering high rates of diarrhea in developing countries are breastfed and also given traditional weaning foods, such as starchy pastes made with rice, maize, potato, wheat, banana, or other locally available foods. Studies in The Gambia (10) and Bangladesh (11) demonstrated that these foods can be as hazardous bacteriologically as bottle formula when prepared in the usually unhygienic home environments. In addition, these studies showed that the level of contamination was related to the time of storage of the food at ambient household temperatures, presumably because of bacterial multiplication in the food.
While exclusive breastfeeding keeps the infant from being exposed to food with high levels of bacterial contamination, breast milk is not sufficient by itself to satisfy the nutritional requirements of infants beyond three to four months of age (12) . Other food must be introduced, even though breastfeeding should continue at least into the second year of life. The need to supplement breast milk with other nutritious foods to maintain optimal growth and the likelihood that these foods will result in diarrhea, which may adversely affect the infant nutritionally, has been called "The Weanling's Dilemma" (10) .
To improve the nutritional value and hygienic standard of traditional weaning foods, it is desirable to have an understanding of diarrhea! diseases, including their etiology and common routes of transmission. It is expected that this information can then be used to design optimal weaning foods and educational approaches to encourage their adoption.
MATERIALS AND METHODS
The project was carried out in the underprivileged community of Huascar on the outskirts of Lima, Peru (13). Detailed longitudinal studies of 153 newborns were conducted between July 1982 and June 1984. The community, study population, medical services, and surveillance methodology are described in the accompanying paper (14) . In thrice-weekly household surveillance, diarrhea and other illnesses were identified and information such as the number and consistency of stools, the presence or absence of blood, and the occurrence of vomiting, fever, or anorexia was recorded Children thought to have dehydration on the basis of an examination by a trained field worker were evaluated by a pediatrician and were diagnosed as having dehydration if any objective signs (e.g., sunken fontanel 
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or eyes, decreased skin turgor) of dehydration were present. All children with diarrhea were provided with oral rehydration solution by the field workers, and the few children with more severe illnesses were taken to a medical center. Infants with dysentery and apparent toxicity were treated immediately with trimethoprimsulfamethoxazole. Otherwise, treatment was provided only in the case of a positive bacteriologic culture for Shigella (trimethoprim-sulfamethoxazole) or Campylobacter jejuni (erythromycin), if dysentery was still present when the culture results became available.
Fecal samples were obtained whenever there was: 1) an increase in stool frequency of two or more in relation to the previous days, along with a decrease in stool consistency; 2) an increase in stool frequency of three or more, independent of consistency; 3) the passage of watery stools; or 4) blood in the stool. The surveillance workers took a sample of the feces (whole stool or rectal swab) at the time of suspected diarrhea and routinely one or two times each month when diarrhea was not present. The definition of a diarrhea episode was formulated during the analysis of surveillance data, as described feelow.
Samples of feces were placed immediately in vials as follows; Two rectal swabs were placed in Cary-Blair transport medium (one vial with antibiotics [vancomycin (10 mg/liter), polymyxin B (2,500 IU/ liter), and trimethoprim (5 mg/liter)] added to transport Campylobacter), one stool sample was placed in phosphate-buffered saline (pH 7.4), and one stool sample was placed in thimerosal, iodine, and formalin. The samples in Cary-Blair transport medium were refrigerated in the evening and plated the next morning. One of these samples (from the vial without antibiotics) was plated on thiosulfete-citrate-bile saltswcroae, Scdmonella-ShigeUa, and Microbiologic studies of food and water were done for all children at six and nine months of age. Specimens of raw foods, prepared menu items, and water were collected during the household dietary studies, in which infants were observed for 12 hours on each day of study. Specimens were placed in sterile containers and kept refrigerated (<24 hours) until laboratory processing. Food specimens were homogenized in a Stomacher (Cooke Laboratory Products, Dynatech Labs, Inc., Alexandria, VA), serially diluted 10-fold in sterile saline, and spread plated on eosin-methylene blue agar. Counts of E. coli-like colonies were determined, and the count per gram or per milliliter of the sample was used as an indicator of fecal contamination. In addition, undiluted samples (1.0 ml) were inoculated into GN and selenite F enrichment broths (9.0 ml) and then plated the next day on xyloae-lysine-deoxycholate and Hektoen agars. Undiluted (or 1:10 dilutions for solid or seroisolid foods) samples (0.1 ml) were also plated directly on thiosulfatecitrate-bile salts-sucrose and Campylobacter agars. A 10" dilution (0.1 ml) was plated on sheep blood agar, and the plate was examined for Bacillus cereus-like colonies (25). Food specimens (0.1 ml) were spotted onto nitrocellulose filters, which were on the surface of MacConkey agar plates (26), Water specimens (100 ml) were filtered through 0.45-micron nitrocellulose filters, which were then removed from the vacuum manifold and placed on MacConkey agar for overnight incubation (27) . In addition, five E. coli-tike colonies per sample of food or water were picked from the eosinmethylene blue plate and stored on nutrient agar slants until they were inoculated onto nitrocellulose filters and processed. All of the nitrocellulose filters were subjected to the DNA probe assays for heat-labile toxin and heat-stable toxin (18, 19) . Food or water specimens were considered positive if either the individual colonies or the direct food or water blot, which has been shown to be more sensitive (26,27), was positive.
Microbiologic contamination of the home environment was studied by culturing selected objects that had contact with food or children. Objects, such as feeding bottles or spoons, were rinsed with 10 ml of sterile saline. Hands were each placed in a sterile plastic bag with 10 ml of saline, massaged, and removed; the saline was saved for culture. The nipples of breastfeeding mothers were cultured with a moistened cottontipped swab. The presence of E. coK-like colonies was considered evidence of fecal contamination. Fecal samples from animals living in the house were taken and studied for enteric pathogens, such as Campylobacter and Salmonella. Environmental and animal specimens (five E. eofc-like colonies per specimen) were studied by DNA probes for heat-stable toxin-or heat-labile toxinproducing E. coli.
After analyzing the daily number and characteristics of the stools in relation to the ages of the children, we adopted criteria to define a diarrhea episode. An episode of diarrhea was defined as at least one day with liquid stools totaling at least six for ution (0.1 ml) was plated tgaj, and the plate was illua cereus-likt colonies ma (0.1 ml) were spotted e filters, which were on :Conkey agar plates (26).
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Enteropathogens were considered to be associated with a diarrhea episode if they were identified from a specimen obtained during the episode or one day before or after the eposide. If more than one specimen was obtained during an episode, all positive results were accepted. Of all episodes with specimens obtained, 76 per cent had one specimen, 16 per cent had two specimens, and 8 per cent had three or more specimens. Enteropathogens identified from other specimens were not considered to be associated with an episode of diarrhea, although some probably represented carriage during early convalescence. Without the use of serotyping or more sophisticated bacterial or viral strain markers, we considered it impossible to separate persistent infection in convalescence after diarrhea from new infection. Furthermore, because of the possibility, by our definition, that a new episode of diarrhea could begin after two illness-free days, it was considered desirable that a specimen be uniquely assigned to one episode. We calculated the age-and pathogen-specific incidences and prevalences of diarrhea using the number of days at risk determined by household surveillance of study children. The pathogenicity of the enteropathogens was assessed from the diarrheal and routine stool specimens from study infants and was defined as the proportion of infections associated with diarrhea divided by the total number of infections (diarrheal and nondUurrheal) identified. An average of 244 total specimens (Tange, 217-296) were evaluated in each month of age of study infants. Statistical comparisons were done with Student's t, chi-square, and Fisher's exact tests, as appropriate.
RESULTS

Diarrhea epidemiology
During the surveillance period, 1,299 episodes of diarrhea were identified. The incidence of diarrhea was 9.8'episodes per child in the first year ot life, and it did not differ substantially by month of age (range, 0.64-1.0 episode per child-month).
Of the 1,299 diarrhea episodes, 952 (73 per cent) were studied for enteropathogens. Diarrhea episodes that were not studied were primarily of short duration (77 per cent lasted one to two days) and were not cultured since they were resolved prior to the thrice-weekly surveillance worker's visit. Routine specimens for enteropathogens from non-ill children were obtained on 1,973 occasions. During the diarrhea episodes, C. jejuni and enterotoxigenic E. coli were most common, but both had a similar frequency of recovery in ill and nonill children (table 1) . However, C. jejuni tended to have a higher isolation rate in diarrhea cases (12.8 per cent) than in controls (8.7 per cent) in the first four months of life. Enteropathogenic E. coli, rotavirus, and Shigella were significantly associated with diarrhea in comparison to controls. Cryptosporidia were identified in seven of 100 specimens from diarrhea episodes and in one of 100 routine samples (p < 0.05). Other pathogens were infrequent (table 1) 
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BLACK ET AI-. coli were DNA probe-positive for heatstable toxin or heat-labile toxin or both; the proportion producing enterotoxins was highest for 0128 E. coli (59 per cent). Ro-.tavirus strains were predominantly of subgroup I (39 of 65 tested), and the remainder were of subgroup II. Nine of the subgroup I strains were electropherotyped; eight were of the short type, which is consistent with subgroup I, and one was of a long type, suggesting an animal strain or a naturally occurring reassortant. Fifty of the rotavirus strains were serotyped; 37 were serotype 2, 10 were serotype 1, and three were serotype 3.
The pathogenicity of the most frequent enteropathogens (single infections) was calculated for infants aged birth to five months and aged six to 11 months (table  3) . The pathogenicity of C. jejuni and of enterotoxigenic or enteropathogenic E. coli ranged from 0.35 to 0.57 and did not differ in younger or older infants for any of these agents. The pathogenicity of rotavirus was higher in older infants than in younger infants (p = 0.02). Conversely, the pathogenicity of Shigelia was higher in younger infants than in older infants (p = 0.02). Since mixed infections with two or more enteropathogens were common, we examined the interaction of these infections by comparing the pathogenicity of mixed infections versus that of single infections with selected enteropathogens (table 4). Mixed infections of C. jejuni with enterotoxigenic or enteropathogenic E. coli or of enterotoxigenic E. coli with enteropathogenic E. coli did not have a higher association with diarrhea than did the single pathogens alone. Mixed infections of rotavirus and one or more other agents had a pathogenicity of 0.86, which was higher (p < 0.002) than that of C. jejuni, enterotoxigenic E. coli, or enteropatbogenic E. 
Giardia lamblia (3 per cent), Aeromonas hydrophila (3 per cent), and Salmonella (2 per cent).
The proportions of episodes associated with specific pathogens in which fever was present are indicated in table 6. Twentyeight episodes were associated with clinically detectable dehydration (2.2 per cent); 18 of 26 episodes studied were associated with one or more enteropathogens. The proportion of episodes with dehydration was analyzed for single pathogen groups of greater than 10 episodes and for episodes with more than one identified pathogen or no identified pathogen. The percentage of episodes with dehydration for these selected groups was 10.5 per cent for Shigella, 8.3 per cent for rotavirus, 2.9 per cent for enterotoxigenic E. coli, 2.1 per cent for C. jejuni, and none for enteropathogenic E. coli. The percentage of episodes with dehydration was 7.S per cent for episodes with more than one pathogen (higher than the percentage for enterotoxigenic or enteropathogenic E. coli (all p < 0.001) but not different from the percentage with rotavirus alone) and 1.4 per cent for episodes in which no pathogen was found.
Enteropathogens isolated during diarrhea episodes had a similar distribution in the different seasons of the year, with the exception of C. jejuni, which had the high- eat occurrence during the summer months (December-March).
Food, water, and environmental contamination Samples taken from raw foods (table 7) indicated that cereals, dairy products, and meats were the items most frequently contaminated with E. cok, an indicator of fecal contamination. The samples of evaporated canned milk taken within one hour of opening the can (n«68) had a lower frequency of contamination (3 per cent) than those taken after one hour or more of storage (n = 115) at ambient household temperatures (43 per cent,p < 0.001). Furthermore, after one hour, some of the samples had a very high E. coli colony count (20 per Cent had >10 3 per ml), indicating extensive multiplication of bacteria in the can.
Menu items given to infante were also studied at the time of consumption (table  8) . Milk and food specially prepared for infants (cereals or purees) were the most often contaminated. Foods eaten by the entire family, such as soups, stews, and fried foods, were leas often contaminated However, for most food items, the frequency of contamination was related to the amount of time since initial preparation. Six (13 per cent) of 47 cereals or purees consumed within one hour of preparation had evidence of fecal contamination, compared with eight (42 per cent) of 19 samples of those items eaten more than one hour after preparation (p < 0.05). Likewise, 12 (7 per cent) of 167 samples of soups or stews eaten within one hour of preparation were contaminated, compared with 13 (24 per cent) of 54 of those menu items eaten more than one hour after preparation (p < 0.005).
Teas, which were often used beginning in the first month of life, had a low frequency of contamination after preparation by heating (3 per cent of 87 specimens). U served in a cup, teas also had low levels of contamination at the time of consumption. infants (3, 29) . Indeed, we found that infants in the first six months of life who consumed water, milk, or other food in addition to breast milk had a risk of. diarrhea 40 per cent higher than exclusively breastfed infants. Furthermore, QQ S . breastfed infants in this age group had an incidence of diarrhea 260 per cent higher than exclusively breastfed infants (30) .
The numerous episodes of diarrhea, although believed to be infectious in nearly all cases, were associated with known enteropathogena in only 41 per cent of cases cultured. If the sample of episodes studied for Cryptosporidium was representative of all episodes, another 7 per cent could be due to this parasite. In the populations of other developing countries, Cryptozporidium has been associated with 4 to 11 per cent of episodes of diarrhea (31-33). At best, only about half of the episodes could be associated with a possible etiologic agent, a proportion similar to that found is community-based studies in other developing countries (2, 3). The failure to find an agent during an episode of diarrhea may be due to a number of factors, including the relatively insensitive methods available with which to identify some pathogens, such as enterotoxigenic or enterop&tho-genic E. coli, and the fact that assays far several known enteropathogens, suchasadenoviruses or 27-run viruses, were not used. These viral agents would be expected, to account foi at least several per cent of the unexplained episodes of diarrhea (34-36).
The high frequency of stool examination for enteropathogens in this study made it possible to detect numerous infections witb a wide variety of agents. Less than 40 per cent of infections with C. jejuni or enterotoxigenic E. coli and half of infections with enteropathogenic E. coli were associated with diarrheal illnesses. This suggest* either that frequent subclinical infection occurred or that infection was persistent Persistent infection seems unlikely since a prolonged carrier state with these organisms is unusual. Furthermore, serial cul-' tures made it possible to observe that cultures would usually become negative within several weeks, but would then become positive again at a later point. 
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of illness with these enteropathogens is known to be directly related to the number of organisms ingested and to buffering of the stomach acid barrier, it is possible that many subclinical infections resulted from ingestion of an insufficient number of organisms to cause disease. It is also possible that passive immunity from antibodies in breast milk or acquired immunity from previous symptomatic or asymptomatic infections may have reduced the apparent pathogenicity of these agents. However, the similar association with diarrhea in younger or older infants for some pathogens provides no clear evidence for an important role of either passive or active immunity. Given the very large number of serotypes of each of these enteropathogens and the largely serotype-specific nature of immunity to them, one may not expect to see a striking effect of immunity in this age group. On the other hand, breast milk antibodies may provide partial protection against diarrhea in younger infants who are infected with rotavirus in the first six months of life (37). Thus, the reduced pathogenicity of rotavirus in younger infants compared with older infants may be due to this passive protection. However, in these infants, Shigella appeared to have higher pathogenicity in younger infants.
Mixed infections with any two of the three most common enteropathogens (C. jejuni or enterotoxigenic or enteropathogenic £. coli) had slightly, but not significantly, higher associations with illness than did the single infections. Mixed infections with rotavirus had pathogenicities similar to that of rotavirus alone. Thus, there was no evidence for additive or greater pathogenicity with mixed infections, as has been suggested from some animal studies (38) .
A small fraction of the diarrhea episodes were particularly severe; 2 per cent were associated with dehydration and 7 per cent with durations of longer than two weeks. A higher proportion (69 per cent) of the episodes with dehydration than of milder episodes was associated with known enteropathogens, such as rotavinu or enterotoxigenic E. coli, as has been noted previously (28) . Likewise, two thirds of the prolonged episodes were associated with at least one enteropathogen. Of particular interest is the high fraction of prolonged episodes, in comparison with shorter episodes, associated with enterotoxigenic and entero* pathogenic E. coli and C, jejuni. Enterotoxigenic B. coli were previously found in the stool during 24 per cent of episodes of at least three weeks duration in a similar community-based study in Bangladesh (39) . Enteropathogenic E. coli (40-42) and C. jejuni have also been associated with prolonged diarrhea (43), as has Shigella (2, 39).
The most frequently detected agent in this study was C. jejuni, which is known to be transmitted to humans by contact with animal feces (44, 45), as well as by contaminated food and water (44, 46,47). Ten per cent of both diarrheal and nondiaxrheal stool cultures contained C. jejuni. This high rate of apparently asymptomatic infection has been documented in other developing countries (48, 49). The high background rate of infection suggests that infants are frequently exposed to the organism. One likely source of this exposure is animals living in or around the house. In a special survey in the fust year of this study, we found that 69 per cent of the study infants had fowl, mostly chickens, in their homes; 22 per cent had cats, and 86 per cent had dogs (unpublished data). Since we found more than half of the chickens and cats and 25 per cent of the dogs to be infected with C. jejuni, animal faces is likely to be an important source of infection for infants, transmitted either through direct contact or by family members, objects, or food in the house. In addition, study infants in hom«6 with fowl or cats were significantly more likely to acquire C. jejuni infection than infante in homes without these animals (unpublished data). Furthermore, a-separate study in another Lima periurban area demonstrated that the most im-
